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Search for a heavy particle decaying into an electron and a muon with the ATLAS 
detector in y/s = 7 TeV pp collisions at the LHC 

The ATLAS Collaboration 
(Dated: January 18, 2013) 

This Letter presents the first search for a heavy particle decaying into an e^fi^ final state in 
= 7 TeV pp collisions at the LHC. The data were recorded by the ATLAS detector during 
2010 and correspond to a total integrated luminosity of 35 pb"'^. No excess above the Standard 
Model background expectation is observed. Exclusions at 95% confidence level are placed on two 
representative models. In an i?-parity violating supersymmetric model, tau sneutrinos with a mass 
below 0.75 TeV are excluded, assuming single coupling dominance and the couplings A311 — 0.11, 
A312 = 0.07. In a lepton flavor violating model, a Z'-like vector boson with masses of 0.70 to 1.00 
TeV and corresponding cross sections times branching ratios of 0.175 to 0.183 pb is excluded. These 
results extend to higher mass RPV sneutrinos and LFV Z's than previous constraints from the 
Tevatron. 

PACS numbers: 12.60.Jv, 12.60.Cn, 13.85.Qk, 13.85.Rm, 14.80.Ly 



Events with e^iM^ (e^) in the final state, which played 
an important role in the discoveries of the tau lepton 
and the top quark, have a clean experimental signature 
and low background. Many new physics models allow an 
e/x signature. For example, in i?-parity violating (RPV) 
Supersymmetric (SUSY) models [l| a sneutrino can de- 
cay to e/i. Models with additional gauge symmetry can 
accommodate an e/i signature through lepton flavor vi- 
olating (LFV) decays of an extra gauge boson Z' 
Standard Model (SM) processes that can produce an efi 
signature typically have small cross sections and the efi 
invariant mass (me^) hes below the range favored for new 
physics signals. This Letter reports a search for a heavy 
particle decaying into the e/Lt final state using data taken 
with the ATLAS detector. The results are interpreted 
in terms of the production and decay of a tau sneutrino 
i>T- and a Z' . Both the CDF and DO Collaborations at 
the Tevatron collider have reported searches for the RPV 
production and decay of the C'r The CDF Collab- 

oration has also set limits on the LFV couplings as a 
function of the Z' mass 

The ATLAS detector Q is a multipurpose particle 
physics apparatus with a forward-backward symmetric 
cylindrical geometry and near An coverage in solid an- 
gle [§]. The inner tracking detector (ID) consists of a 
silicon pixel detector, a silicon microstrip detector, and 
a transition radiation tracker. The ID is surrounded by 
a thin superconducting solenoid providing a 2 T mag- 
netic field, and by a finely-segmented, hermetic calorime- 
ter. The latter covers |?7| < 4.9 and provides three- 
dimensional reconstruction of particle showers using lead- 
liquid argon sampling for the electromagnetic (EM) com- 
partment followed by a hadronic compartment which 
is based on iron-scintillating tiles sampling in the cen- 
tral region and on liquid argon sampling with copper 
or tungsten absorbers for I77I > 1.7. The muon spec- 
trometer (MS) surrounds the calorimeters and consists 
of three large superconducting toroids, a system of pre- 



cision tracking chambers, and detectors for triggering. 

The data used in this analysis were recorded in 2010 at 
a center-of-mass energy y/s = 7 TeV. Application of data- 
quality requirements results in a total integrated luminos- 
ity of 35 pb^-'^ with an estimated uncertainty of 11% [l(|. 
Events are required to satisfy one of the single lepton (e 
or fj.) triggers, which have nominal transverse momen- 
tum, pT, thresholds up to 15 GeV for e and 13 GeV for 
^. The trigger efficiency is measured to be 100%, with a 
precision of 1%, for e/i candidates containing two leptons 
with transverse momentum px > 20 GeV. 

To select e/x events, the electron candidate is required 
to have pT > 20 GeV and to lie inside the pseudora- 
pidity regions I77I < 1.37 or 1.52 < \r]\ < 2.47. The 
event is rejected if the candidate cluster is located in 
a problematic region of the EM calorimeter. Electron 
identification and isolation requirements provide rejec- 
tion against hadrons. A set of electron identification cri- 
teria based on the calorimeter shower shape, track qual- 
ity and track matching with the calorimeter cluster, re- 
ferred to as 'medium' in Ref. ll|, is applied. In addi- 



tion, a calorimeter isolation criterion E^^^^'^ / < 0.1 
is applied, where E^^^^'^ is defined as the transverse en- 
ergy deposited in the calorimeter within a cone of radius 
Ai? = H^rf -\- < 0.2 around the electron cluster, 
and Et is the transverse energy of the electron. 

The muon candidate must be reconstructed in both the 
ID and the MS. A good match of the parameters of the ID 
and MS tracks is required, and the pt values measured 
by these two systems must be compatible. Furthermore, 
the muon candidate must have > 20 GeV, |?7| < 2.4, 
and be isolated in the ID with p^^^^'^ /pt < 0.1, where 
pAfl<o.2 defined as the sum of the of tracks with 
Pt > 1 GeV within a cone of radius Ai? < 0.2 around 
the muon track. 

Jets are reconstructed using the anti-fct jet clustering 
algorithm [l3| with a radius parameter of 0.4. Only jets 
with pt > 20 GeV and \ri\ < 2.5 are considered. If such a 
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jet and an electron lie within AR = 0.2 of each other, the 
jet is discarded. Leptons are only considered if they are 
separated from all of the remaining jets by AR > 0.4. 
Electrons and muons are also required to be separated 
from each other by AR > 0.2. 

The efi candidate events are required to have exactly 
one electron and one muon with opposite charge satisfy- 
ing the above selection criteria. Furthermore, events have 
to contain at least one primary vertex reconstructed with 
more than four associated tracks with pT > 150 MeV. 

The SM processes that can produce an e/z signature 
are predominantly tt, Z/j* — )■ rr, W/Z+jets, diboson, 
single top and QCD multijet events. Among the pro- 
cesses listed above, tt, Z/j* — rr, single top, WW, 
WZ and ZZ produce electrons and muons in the fi- 
nal state and amount to ^-^80% of the expected e/x data 
yield. The contributions from these processes are esti- 
mated using Monte Carlo (MC) samples generated at 
y/s = 7 TeV and processed with the standard chain of the 
ATLAS GEANT4 [13] simulation and reconstruction 14 1 
using the ATLAS MC09 parameter tune [l^. The event 
generators used are PYTHIA 6.421 |16| (y and Z/j*), 



POWHEG 1.0 
MC@NLO 3.4 



IJ (tt), MADGRAPH 4 [18| {W/Z 

13 (single top) and herwig 6.510 [20| 
(WW, WZ and ZZ). The MC samples are normal- 
ized to cross sections with higher order corrections ap- 
plied, as follows. The cross section is calculated to next- 
to- next-to-leading-order accuracy for W and Z/^* [2l|, 
next-to-leading-order plus next-to-next-to-leading-log for 
tt [23, and next-to-leading-order for WW, WZ and 
ZZ [23|. Single top and W/Z + 7 cross sections come 
from MC@NLO and madgraph, respectively. Studies of 
Z/j* —)'££{£ = e,fi) events have shown that the lep- 
ton reconstruction and identification efficiencies, energy 
scale and resolution need to be adjusted in the MC to 
properly describe the data. The appropriate corrections 
are applied to the MC in order to improve the modelling 
of the backgrounds. 

The processes W/Z + 7, W/Z+icts and pure QCD jet 
production give rise to background in addition to prompt 
leptons, which come from W and Z decay. Jets misiden- 
tified as leptons, electrons from photon conversions, and 
leptons from hadron decays (including b- and c-hadron 
decays) are classified as instrumental background. The 
instrumental background accounts for ^20% of the ex- 
pected efj, data yield. The dominant component of the 
instrumental background comes from events with one 
prompt lepton and one jet identified as a lepton, with an 
additional contribution from events with two misidenti- 
fied jets. These sources are referred to as jet instrumental 
background, and are estimated using data. The back- 
ground component initiated by prompt photons, referred 
to as the photon instrumental background, is estimated 
from MC. 

The jet instrumental background is estimated using 
data in the following way. Two selections are defined. 



both requiring at least one lepton satisfying all lepton 
criteria. The selections are defined by the second lep- 
ton candidate: the "tight" selection requires the second 
candidate to pass all lepton criteria, while the "loose" 
selection does not enforce the lepton isolation require- 
ment. The probability for a lepton to satisfy the lepton 
isolation requirement is estimated by applying the loose 
and tight selections on Z/j* — >■ ££ events. The proba- 
bility for a jet to satisfy the lepton isolation requirement 
is estimated by applying the loose and tight selections 
on a sample of QCD dijet events to which a cut on the 
missing transverse energy E^^^^ < 15 GeV is applied to 
remove VF-l-jets events. These two probabilities, along 
with numbers of events selected in the loose and tight 
samples, are used to estimate the background in the fi- 
nal selected sample. The background is estimated to be 
1215° events for candidates with one electron and one jet 
satisfying the muon selection criteria, and 19^^^^ events 
for candidates with one muon and one jet satisfying the 
electron selection criteria. The dominant uncertainty on 
the jet instrumental background estimation comes from 
the pt dependence of the probability for a jet to pass the 
lepton isolation criterion. The background due to two 
jets satisfying the lepton requirements is estimated to 
be 1.3^^ 3 events from same-sign dilepton events in data 
with the subtraction of contributions estimated from MC 
for all physics processes except the QCD multijet. The 
overall jet instrumental background is found to be 29^'^q 
events. This background level has been checked in sim- 
ulated samples, which agree with the data driven esti- 
mates. 

The dominant photon instrumental background comes 
from the W{-^ A*i^)7 and ^{~^ l^'lAl processes where the 
photon is reconstructed as an electron. A photon can be 
reconstructed as an electron if it lies close to a charged 
particle track or the photon converts to e^e~ after inter- 
acting with the material in front of the calorimeter. The 
photon instrumental background is found to be 4.0 ± 0.7 
events. 

TableUshows the number of events selected in data and 
the estimated background contributions with their un- 
certainties. A total of 160 eii candidates are observed in 
data while the expectation from SM processes is 163^Jg 
events. The dominant sources of systematic uncertainty 
for the SM prediction arise from the uncertainty on the 
probability for a jet to satisfy the lepton isolation require- 
ment (70% for electron, 30% for muon), theoretical cross 
sections on the physics background processes (5% - 15%), 
and the integrated luminosity (11%). Other systematic 
uncertainties from the lepton trigger, reconstruction and 
identification efficiencies, energy /momentum scale and 
resolution have been included and are small. 

Since no excess is observed in data, limits are set for 
the production of in RPV SUSY models and an LFV 
Z'-like vector boson. 

The RPV production of i>t- by dd annihilation decay- 
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TABLE I: Estimated backgrounds in the selected sample, to- 
gether with the observed event yield. 



Process 



Number of events 



Z/7* TT 54±7 
tt 57±9 

WW 13.4±1.7 

Single top 4.6±0.9 

WZ 0.79±0.11 
Instrumental background 33^ 

Total background 163j 



?+30 
-10 

3+34 

-18 



Data 



160 



ing into e/i is considered. With the assumption of single 
coupling dominance 2J|, fixing all RPV couplings but 
•^311 (^T- to dd) and A312 (t'r to e/i) to zero, and that 
i>r is the lightest supersymmetric particle, the contribu- 
tions to the e/i final state originate from the i>r only. The 



signal cross section depends on the i>r mass (rrij:,^), X^n 
and A312. The third-generation 1)^ is considered since 
stringent limits exist on the electron sneutrino and muon 
sneutrino ^Ij. The couplings Agj^j^ =0.11 and A312 — 0.07, 
compatible with the current indirect limits pLj , are chosen 
as a benchmark point. 

An e/i resonance can be generated in models containing 
a heavy neutral gauge boson with non-diagonal lepton 
flavour couplings, Z' [l^. Very stringent limits on the 
combination of the mass and the coupling to ee and e/i 
of such models have been inferred from searches for rare 
muon decay [Ij. Using the data presented in this Letter, 
a limit on the production cross section times branching 
ratio to e/i can be placed on a Z-like vector boson. To 
calculate the acceptance and efficiency, the Z' is assumed 
to have the same quark and lepton couplings as the SM 
Z. 

MC events with pr or Z' decaying into e/i are generated 
with HERWIG [13, or PYTHIA, respectively. Samples 
are produced with sneutrino masses ranging from 0.1 to 
1 TeV, and Z' masses from 0.7 to 1 TeV. 

The e/i invariant mass distribution is presented in 
Fig. [1] for data, background contributions and two possi- 
ble new physics signals: a i^r with toj;^ = 650 GeV and a 
Z' with mz' = 700 GeV. The cross section is 0.31 pb for 
TO^^ = 650 GeV [13] and 0.61 pb for mz' = 700 GeV 
The corresponding overall acceptance times efficiency is 
55% for i>r and 50% for Z'. 

The rrie^ spectrum is examined for the presence of a 
new heavy particle. For m^^ < 500 GeV, the search 
region for specific rrij^^ is defined to be {mp^ — Scr, 
+ 3cr), where cr is the expected rrie^ resolution (e.g., 
cr ~ 15 GeV for m^^ — 400 GeV). For higher mp^ , the re- 
gion TTiefj, > 400 GeV is used. The expected and observed 
95% C.L. upper limits on a{pp — > Dr) x BR{i>r — > e/i) are 
calculated using a Bayesian method [2^ with flat prior 
for signal cross section as a function of mj,^. Fig. [5^ 
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FIG. 1: Observed and predicted e/i invariant mass distri- 
butions. Signal simulations are shown for m^^ = 650 GeV 
(Aan = 0.11, A312 = 0.07) and m^/ = 700 GeV. The ratio 
plot at the bottom includes only statistical uncertainties. 



shows the expected and observed limits, as a function 
of rrij}^, together with the ±1 and ±2 standard devia- 
tion uncertainty bands. The expected exclusion limits 
are determined using simulated pseudo-experiments con- 
taining only SM processes by evaluating the 95% C.L. 
upper limits for each pseudo-experiment at each value of 
nip^ . The median of the distribution of limits is shown 
as the expected limit. The ensemble of limits is also 
used to find the Icr and 2a envelope of the expected lim- 
its as a function of m^;^ . For a sneutrino with mass of 
100 GeV (1 TeV), the limit on the cross section times 
branching ratio is 0.951 (0.154) pb. The theoretical cross 
sections for X'^^^ = 0.11, A312 = 0.07 and X'^^ = 0.10, 
A312 = 0.05 are also shown. Sneutrinos with masses be- 
low 0.75 (0.65) TeV are excluded using X^n — 0.11 and 
A312 0.07 (A311 = 0.10 and A312 = 0.05). The results 
improve on the previous CDF 95% C.L. limit of 0.56 TeV 



assuming A311 = 0.10 and A312 = 0.05. The 95% C.L. 
observed upper limits on X^n as a function of mci^ are 
shown in Fig. [2b for three values of A312, together with 
the exclusion region obtained from the DO experiment f?l . 
The limits derived here extend to higher mass regions. 

A similar method is used to set limits on the LFV Z'- 
like vector boson, using only events with > 400 GeV. 
Finding no events in the data, the 95% C.L. upper limits 
on (7{pp — !> Z') X BR{Z' — T' e/i) are set, as shown in Fig. [31 
The expected limit is the same as the observed limit be- 
cause the median background event count expectation 
is also zero. For a Z' with mass of 700 GeV (1 TeV), 
the limit on the cross section times branching ratio is 
0.175 (0.183) pb. This result improves upon previous 
CDF limits by probing a higher mass range of Z'-like 
vector particles. 
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FIG. 2: (a) The observed 95% C.L. upper limits on cr(pp — >■ 
Vr) X BR(t'T — >■ e^) as a function of ms^. The expected 
hmits are also shown together with the ±1 and ±2 standard 
deviation uncertainty bands. The theoretical cross sections 
for A311 = 0.11, A312 = 0.07 and Agn = 0.10, A312 = 0.05 
are also shown, (b) The 95% C.L. upper limits on the A311 
coupling as a function of m^^ for three values of A312. Regions 
above the three curves represent ranges of A311 values that are 
excluded. These results are compared to the exclusion region 
obtained from the DO experiment. 
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In conclusion, a search has been performed for a heavy 
particle decaying into the e^/j,^ final state using col- 
lision data at -y/s — 7 TeV recorded by the ATLAS de- 
tector. The data are found to be consistent with the 
SM prediction. Exclusions are placed on two represen- 
tative models at 95% C.L. In an RPV SUSY model, tau 
sneutrinos with a mass below 0.75 TeV are excluded, as- 
suming single coupling dominance and coupling values 
A(jii = 0.11, A312 0.07. Higher values of the RPV cou- 
pling are also excluded as a function of mt,^. In an LFV 
model, extra Z'-like gauge bosons are excluded with a 
cross section times branching ratio above 0.183 pb, as- 
suming = 1 TeV. These results extend to higher 
mass RPV sneutrinos and LFV Z's than previous con- 
straints from the Tevatron. 
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FIG. 3: The observed 95% C.L. upper limits on cr(pp Z') x 
BR(Z' — >■ e/i). The expected limits are also shown together 
with the ±1 and ±2 standard deviation uncertainty bands. 
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O.K. Bakcr"'^ M.D. Bakcr24, S. Bakcr'^'^, F. Baltasar Dos Santos Pedrosa^^, E. Banas^^, P. Bancrjce^^^ 
Sw. Banerjee^ss, D. Banfi^^, A. Bangert"^, V. Bansall'^^ H.S. Bansil^^, L. Barak^^^ S.P. Baranov^"*, 

A. Barashkou6^ A. Barbara Galtieri", T. Barber^^, E.L. Barberio^*', D. Barberis^°*'^°'', M. Barbero^o, 

D. Y. Bardin^s, T. Barillari^^, M. Barisonzi""*, T. Barklow"^ N. Barlow^"^, B.M. Barnett^^g^ ^IM. Barnctt", 

A. Baroncelli^^"''^, A.J. Barr^^^, F. Barreiro®°, J. Barreiro Guimaraes da Costa^"^, P. Barrillon^^^, R. Bartoldus^'^^, 
A.E. Bartends D. Bartsch^o, V. Bartschi^^, R.L. Bates^^, L. Batkova"^^, J.R. Batley^^, A. Battaglia^^, 
M. Battistin29, G. Battistoni^^'', F. Baucri-''*', H.S. Bawa"^,^, B. Bcarcl5^ T. Bcau'^^, P.H. Beauchemiii"^ 
R. Beccherle^O'^, P. Bechtle"*!, H.P. Beck^^, M. Beckingham^s, K.H. Becks^^'', A.J. Beddall^^^ A. Beddalll8^ 
S. Bedikianl^^ V.A. Bednyakov*5^ CP. Bee*^ M. BegeP, S. Behar Harpaz^^^^ P.K. Behera^^^ Beimforde^^, 

C. Bclangcr-Champagnciee, p.j. BcU^^, W.H. BcU^^, G. Bcllai^s, L. Bcllaganibai«% F. Bcllina^s, M. Bellomoii^'*, 
A. Belloni^^, O. Beloborodovai°^, K. Belotskiy^^^ q. Beltramello^s, S. Ben Ami^52^ q. Benary^^^^ 

D. Benchekroun^^^^, C. Benchouk^^, M. Bendel^\ B.H. Benedict^*'^, N. Benekos^*'^, Y. Benhammou^^^, 

D. P. Benjamin''^, M. Benoit^-^^, J.R. Bcnsingcr^^, K. Benslama-^^°, S. Bcntvclscn-^"''' , D. Bcrgc^", 

E. Bergeaas Kuutmann^^, N. Berger^, F. Berghaus^^^, E. Berglund^^, J. Beringer^^, k. Bernardet*"^, P. Bernat''^, 
R. Bernhardt*, C. Bernius^^, T. Berry^^^ a. Bertini^^'i^^, p. Bertinelli^s, F. Bertoluccii22a,i22b^ M j Besana^^'^'^^^, 
N. Bcssoni36, S. Bcthkc^^, W. Bhimji^s, R.M. Bianchi^^, M. Bianco72a,72b^ q Bicbcl^s, S.P. Bicniek^^ 

J. Biesiada", M. Bigliettii34a,i34b^ jj Bilokon^^, M. Bindi^^'^'i^'', S. Binet"^ A. Bingul^^^ C. Binii32a,i32b^ 

C. Biscarat^^^ U. Bitenc^^ K.M. Black^i, R.E. Blair^ J.-B. Blanchardll^ G. Blanchot^^, C. Blocker^^, J. Blocki^s, 
A. Blondel^s, W. Blum**i, U. Blumcnschcin54, G.J. Bobbink^os, V.B. Bobrovnikoyio^ S.S. Bocchctta^^, A. Bocci^^, 
G.R. Boddy"^, M. Boehler^i, J. Boek^^^^ Boelaert^^, S. Boser^^ J.A. Bogaerts^^, A. Bogdanchikov^o^, 

A. BogouchSO'*, C. Bohmi^sa^ y. Boisvert^*5, T. Boldi*53'/, V. Boldea^^a, M. Bona^^ V.G. Bondarenko9^ 

M. Boonckampi36^ q Boorman'^*'^ ^.N. Boothia, p. Booth^^s, S. Bordoni■^^ C. Borcri*^, A. Borisoyi^s, 

G. Borissov^S I. Borjanovic^^a^ g gQj.j.Qj^-i32a,i32b^ ^^^105^ p Boscherini^^'', M. Bosman", H. Boterenbroodl°^ 

D. Botterilli29, J. BouchamiS^, J. Boudreaui23^ g.V. Bouhova-Thacker^\ C. Boulahouachei23^ q Bourdarios"^, 
N. Bousson^^, A. Boveia^o, J. Boyd^^, I.R. Boyko*^^, N.I. Bozhko^^s^ j Bozovic-Jclisavcic^^b^ j Bracinik^'^, 

A. Braem29, P. Branchini"4a, q.W. Brandenburg^"^, A. Brandt^, G. Brandtl^ O. Brandt'"^"^, U. Bratzlcri^^ 

B. Brau^^, J.E. Brau^", H.M. Braun^^^, B. Brelier^ss, J. Bremer^^, R. Brenner^^e, S. Bressler^-'^, d. Brcton^i'\ 
N.D. Brctt"*^, D. Britton^^^ P.M. Brochu^'^, I. Brock^o, R. Brock^^, T.J. Brodbcck'^\ E. Brodet^^^, F. Broggi*^'^, 

C. Bromberg*'^, G. Brooijmans^'*, W.K. Brooks^^'^, G. Brown®^, e_ Brubaker'^'^, P.A. Bruckman de Renstrom^^, 

D. Bruncko"^'', R. Bruneliere^^, S. Brunet^S A. Bruni^Sa, Q. Bruni^Sa, M. Bruschi^^a, T. Buanes^^, F. Bucci^'', 
J. Buchanan"^ N.J. Buchanan^, P. Buchholz"\ R.M. Buckingha^l"^ A.G. Buckley^^, S.I. Buda^^a, 

LA. Budagov^s, B. Budick^o^^ y Bascher^i, L. Buggc"^, D. Buira-Clark"^, E.J. Buis^o^, Q. Bulekov^^^ Bunse''^, 
T. Buran"^ H. Burckhart^^, S. Burdin^^^ ^ Burgess^^, S. Burke^^g^ g Busato^^^ p Bussey^^^ CP. Buszellol*5^ 

F. Butin29, B. Butler"^, j.M. Butlcr^i, CM. Buttar''^^^ jj^/^^ Butterworth'^'^, W. Buttinger^"^, T. Byatt"^"^, S. Cabrera 
Urbani67, D. CaforioiS'^'i^'^, O. Cakir^^ P. Calafiural^ G. Calderini^^ P. Calfayan^^, R. Calkinsi°6, L.P. Caloba^^'^, 
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R. Caloii32a432b^ Q_ Calvct^^, S. Calvet33, R. Camacho Toro^^, A. Camard^s, R Camarrii-'''''^'i-''-'''', 

M. Cambiaghiii9a,ii9b^ Cameron^", J. Cammin^o, S. Campana^^, M. Campanelli^^ V. Ca.nale^^'^^''^^'^^ , 

F. Canelli^o, A. Canepa}^^", J. CanteroSO, L. Capassoi02a,i02b^ M.D.M. Capeans Garrido^s, I. Caprini^Sa, 

M. Caprini25a, D. Capriotti^^, M. Capua^e^.seb^ Caputo^s^ C. Caramarcu^s^*, R. Cardarelli^Sa^ rp ^arli^s, 

G. Carlinoi°2a^ l. Carminati^^'^'S^'", B. Caroni^Sa^ g. Caron^s, C. Carpentieri^^ , G.D. CarriUo Montoya^^^ 

A.A. Carter^s^ J.R. Carter^^, J. Carvalhoi24a,g^ ^ Casadeilo^ M.P. Casado", M. Cascellai22a,i22b^ <j C^goSOa.sob,*^ 

A.M. Castaneda Hernandezi^^ E. Castancda-Mirandai^^ V. Castillo Gimenezi^^^ N.F. Castroi24a^ Q. Cataldi^^a^ 

F. Cataneo29, A. Catinaccio^^, J.R. Catmore^S A. Cattai^^, G. Cattanii33a,i33b^ g CaughronSS, D. Cauzi64a,i64c^ 

A. Cavallari"2a432b^ Cavalleri™, D. Cavalli^^^a^ Cavalli-Sforza", V. Cavasiniiii22a,i22b^ Cazzato^2a,72b^ 

F. Ccradinii3'^^'i34b^ ^ Ccrqueira^^*^, A. Cerri^^ L. Ccrrito^^ F. CcruttF, S.A. Cctini^b^ f. Ceveninii°2a,i02b^ 

A. Chafaqi35a^ ^ Chakrabortyio^ K. Chan^, B. Chapleau*^ J.D. Chapman^^, J.W. ChapmanS^, E. Chareyre^^, 

D.G. Charltoni^ V. Chavda^^ S. Cheatham^S S. Chekanov^ S.V. Chekulaev^^^a^ q ^ Chelkov*5^ 

M.A. Chelstowskai04^ c. Clicn^^, H. Chen^^, L. Chen^, S. Chen^^'=, T. Chen^^", X. Cheni^^ S. Cheng32a, 

A. Cheplakov'3^ V.F. Chepurnov'^s, R. Cherkaoui El Moursli^Se^ V. Chernyatin^", E. Cheu^ S.L. Cheungi^^, 

L. Chevalieri36, Q. Chiefarii02a,i02b^ l Chikovani^S J.T. Childers^*^, A. Chilingarov^S G. Ghiodini^^a^ 

M.V. Chizhov^s, G. Choudalakis^o, S. Chouridoui^^, LA. Christidi^^ A. Christov^s, D. Chromck-Burckhart^s, 

M.L. Chu^^i, J. Cliudoba^25^ q Qj^pg^yi32a,i32b^ Ciba37, A.K. Ciftci^'^, R. Ciftci3% D. Cinca^^, V. Cindro^^^ 

M.D. Ciobotaru^^^^ q Ciocca^^^'^^'', A. Ciocio^^, M. Cirilli*^ M. Ciubancan^sa, A. Clark^^^ p j ciark^^, 

W. Clelandi23^ Clcmens83, B. Clement's, C. Clement I46a,i46b^ Cliffti^s, Y. Coadou^a, M. Cobali64a,i64c^ 

A. Coccaro^°^'50'", J. Cochran^^, P. Coe"^^ J.G. Cogani^a, j. Coggeshall^ss^ g_ Cogneras^", CD. Cojocaru^^ 

J. Colas^, A.P. Colijnl°^ C. Gollard"^ N.J. CoUinsi^, C. Collins-Tootli53, J. Collot^^ G. Colon^^, G. Comune8^ 

P. Conde Muifioi24a^ e. Coniavitis"^, M.C. Conidi", M. Consonniio"^ g. Constantinescu^S'^, C. Conta^^^^""*^, 

F. Conventii°2a,'»^ j. Cook^^, M. Cooke", B.D. Cooper^^, A.M. Cooper-Sarkar"^, N.J. Cooper-Smith^^ K. Copic^*, 

T. Cornelissen^o^'SOb, m. CDrradi^''*, F. Corriveau85'% A. Cortes-Gonzalezi^s, G. Cortiana9^ G. Costa^''*, 

M.J. Costa^^^, D. Costanzoi39, T. Costin^o, D. Cotc^^, R. Coura Torres^S'^, L. Courneyeai^s, G. Cowan^'^, 

C. Cowdeii27, B.E. Cox82, ^ Cranmer^^^^ F. Cresciolii22a,i22b^ Cristinziani^o, G. Crosctti^^'^'Seb^ ^ (2!i.upi72a,72b^ 

S. Crepe-Renaudin^^, C. Cuenca Almenar^"^^, T. Cuhadar Donszelmann^^^, S. Cuneo^'^'''^*"^, M. Curatolo'*'', 

C.J. Curtisi^ P. Cwctanski^i, H. Czirri^i, Z. Czyczulai", S. D'Auria^s, M. D'Onofrio^^^ A. D'Orazioi32a,i32b^ 

A. Da Rocha Gesualdi Mello^^^, P.V.M. Da Silva^^'', C. Da Via82, ^_ Dabrowski^^, A. DahlhofF^s, T. Dai^'^, 
C. Dallapiccola^^, S.J. Dallisoni^s.*, M. Dam^^, M. Dameri^o^-sob^ p g Damiani^^^, H.O. Danielsson^^, 

R. Dankcrsl"^ D. Dannheim^^, V. Dao^^, G. Darbo^o^ G.L. Darlea^s^^ Daum^os^ J.P. Dauvergne ^9, 
W. Davey^^ T. Davideki^e, N. Davidson*^, R. Davidson"^!, M. Davics^^, A.R. Davison^^ E. Dawei42, i. Dawson^^s, 
J.W. Dawson^^*, R.K. Daya'''^, K. Dc^ R. dc Asmundisio^a^ g, Castroi^a^sb^ p_g_ Castro Faria Salgado^^, 
S. Dc Cccco^^ J. de Graat^*, N. Dc Grootio*^ p. dc Jonglo^ C. Dc La Taillc"^^ H. Dc la Torrc^o, 

B. Dc Lottoi64a,i64c^ p Dc Mora"^!, L. De Nooij^o^ M. Dc Olivcira Branco^^, D. Dc Pcdis^^^a^ p j^, gaintignon^s, 
A. De Salvoi32a^ Dc Sanctisi'^4aa64c^ a_ Santo"^, J.B. Dc Vivic Dc Rcgic"'\ S. Dcan^^ D.V. Dcdovich^s, 
J. Dcgcnhardti^"^ M. Dchchar"^ M. Dcilc^^ C. Del Papai6'^^'i64c^ j_ ^^.j Peso^o, T. Del Prctci22a,i22b^ 

A. DcirAcqua29, L. DcirAsta«»''^'*'i\ M. Delia Pictraio^a,?!^ d jclla Volpei02a,i02b^ Dclmastro^^, P. Dclpierre*^, 

N. Delruelle^s, P.A. Delsart■■^^ C. Dcluca"^, S. Dcmcrsl■^^ M. Demichev^s, B. Dcmirkoz", J. Dcngi63, 

S.P. Dcnisovi28, D. Derendarz^^, J.E. Dcrkaouii'''''^'\ F. Dcruc'^^ P. Dcrvan^-\ K. Dcsch^". E. Dcvctaki48, 

P.O. Dcvivcirosi'"^^ A. Dcwhursti^s, B. DcWildc"^, S. Dhaliwal^'^^ R. Dhullipudi24 J, A. Di Ciaccioi33a,i33b^ 

L. Di Ciaccio'^, A. Di Girolamo^'', B. Di Girolamo^^, S. Di Luisc"4a,i34b^ a_ Mattia^^, B. Di Micco^^, 

R. Di Nardoi33a,i33b^ ^ Simonci33a,i33b^ p p,j gipioi9a,i9b^ jYi A Diaz^i^, F. Diblcni**^ E.B. Dichl®^, H. Dietl^^, 

J. Dictricli48, T.A. Dietzsch^sa^ g Diglio"-\ K. Dindar Yagci^^, J. Dingfeldcr^", C. Dionisii-''2a>i32b^ p Dita^^^, 

S. Dita^S'^, F. Dittus29, F. Djama^s, R. Djilkibacvi"^, T. Djobava-'^i, M.A.B. do Vale^s^, A. Do Valle Wemansi24a^ 

T.K.O. Doan4, M. Dobbs«\ R. Dobinson ^^^*, D. Dobos42, E. Dobson^^, M. Dobsoni^s, j. Dodd34, Q.B. Dogan^^^'*, 

C. Doglioni"«, T. Dohcrty"^-', Y. Doi^e.*, J. Dolejsii^B, L Dolcnc^4^ 2. Dolczal^^e, B.A. Dolgoshein^s.*, 

T. Dohmacl•■^^ M. Donadclli^sb, M. Doncga^^o^ j_ Donim'^^ J. Dopke^^, A. Doria^^^a^ a. Dos Anjos^'^^ M. Dosil^S 
A. Dottii22a,i22b^ ^ j^^^gjo ^ J jy Dowelli^ A.D. Doxiadisi°5, A.T. Doyle^s, Z. Drasal^^e, j. Dreesl^^ 
N. Dressnandt^^o, H. Drevermann^'', C. Driouichi^s, M. Dris^ J.G. Drohan'^'^, J. Dubbert^^, T. Dubbs^^?^ 
S. Dube", E. Duchovnii^i, G. Duckeck^^, A. Dudarev^^, F. Dudziakf'4, M. Diihrsscn , LP. Ducrdoth^^ 
L. Duflot"^ M-A. Dufour^s, M. Dunford^^, H. Duran Yildiz^^, R. Duxfieldi^s, M. Dwuznik^^, F. Dydak ^9, 

D. Dzahini^s^ M. Diiren^^^ W.L. Ebenstein^^, J. Ehke^^, S. Eckert^^ S. Eckweiler^i, K. Edmonds8\ 
C.A. Edwards^^, W. Ehrenfeld"*! , T. Elirich^^, T. Eifert29, G. Eigen^^, K. Einsweiler", E. Eisenhandler^^^ 
T. Ekelofiee, M. El Kacimi4, M. EUerti^^^ S. EUes^, F. Ellingliaus«\ K. EUis^^^ N. Ellis29, J. Elmsheuser^s, 
M. Elsing29, R. Elyi4, D. Emeliyanov^^'', R. Engelmann"^, A. EngP^, B. Epp62, A. Eppig^^, J. Erdmann^^^ 
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A. Ereditatois, D. Eriksson"6a^ j_ Ernst^, M. Ernst^^, J. Ernwein^e, D. Errcdci^s^ S. Errcdel'^^ E. Ertel*\ 
M. Escalier"^ C. Escobar^'^^, X. Espinal CuruU", B. Esposito"*^, F. Etienne*^, A.I. Etienvrel3^ E. Etzion^^^^ 
D. Evangelakou^^, H. Evans^S L. Fabbrii^'^'i^'^, C. Fabre^^, K. Facius^s, R.M. Fakhrutdinov^^s^ g Falciano^^^a^ 
A.C. Falou"^ Y. Fang"^^ ^ pj^j^^j89a,89b^ ^ Farbin^, A. Farillai34a^ j. Farleyi^'^, T. Farooquei^^, 
S.M. Farrington"^, P. Farthouat^^, D. Fasching^'^^^ p_ Passnacht^^, D. Fassouliotis*, B. Fatholahzadeh^^^, 
A. Favareto^''*'®^^, L. Fayardll^ S. Fazio^s^'^*''', R. Febbraro^^, P. Federic"^'*, O.L. Fedini^i, I. Fedorko^^, 
W. Fcdorko^s, M. Fchling-Kaschck'^^, L. Feligioni®^^ ^ Fcllmann^ C.U. Fclzmann^^ C. Fcng32d^ E.J. Fcng^", 
A.B. Fenyuk^^s, J. Fcrencei^'"^'', J. Ferland^^^ ^ Fernandesi24a,b^ Fcrnandoi°^ S. Ferrag^^^ Ferrando"^, 
V. Ferrara^S A. Ferrarii^^^ p_ Ferraril°^ R. Ferrari^^^a^ ^ Ferrcri^^^ M.L. Ferrer''^, D. Ferrere^'', C. Ferretti*'^, 
A. Ferretto Parodi^^^'^o'', M. Fiascaris^^, F. Fiedler8\ A. Filipcic^'', A. Filippas^ F. Filthauti""*, 
M. Fincke-Keeleriss, M.C.N. Fiolhaisi2'''''S, L. Fiorini", A. Firan'^^, G. Fischer^i, P. Fischer ^o, M.J. Fisher^o^, 
S.M. Fisheri29, J. Flammer^^, M. Flechl^*, I. Fleck^^i, J. Fleckncr^i, P. Fleischmanni^^^ g pieischmanni^*, 
T. Flicki^"*, L.R. Flores Castilloi'^^ M.J. Flowerdew^^, F. Fohlisch^^^, M. Fokitis^, T. Fonseca Martin^'^, 
D.A. Forbush"8, A. Formica^^e^ Forti*^, D. Fortin^^ga^ j poster^^^ D. Fournier"^, A. Foussat^^, 

A. J. Fowler^^, K. Fowler^^^, H. Fox^^, P. Francavillai22a,i22b^ g Pranchino"^'^ "^b^ jy Prancis^", T. Pranki^S 
M. Franklin^^, S. Franz^^, M. Fraternali"^^-"^'', S. Fratinai^o^ g.T. Frcnch^^, R. Frocschps, D. Froidevaux^^, 
J.A. Frost^^, C. Fukunaga^se, E. Fullana Torregrosa^^, J. Fusteri^^, C. Gabaldon^s, O. Gabizon^", T. Gadfort^^, 
S. Gadomski^9, G. Gagliardi^^'^'^o'', P. Gagnon^i, C. Galea^^, E.J. Gallas"*, M.V. Gallas^^, V. Galloi6, 

B. J. Gallopi29, p. Gallusi25, E. Galyaev*", K.K. Gani"9, Y.S. Gao^^.e^ y.A. Gapicnkoi^s, A. Gaponenkol^ 
F. Garbersonl^^ M. Garcia-Sciveres^"*, C. Garcfai^^, J.E. Garcia Navarro^^^, R.W. Gardner^", N. Garelli^^, 
H. Garitaonandial°^ V. Garonne^^, J. Garvey^^ C. Gatti'*^ G. Gaudio"^'^, O. Gaumer^^, B. Gaur^^S 

L. Gauthieri36, i.L. Gavrilenko^^, C. Gay^^s, G. Gaycken^", J-C. Gayde^^, E.N. Gazis^ P. Ge^^^, C.N.P. Gee^^g^ 

D. A.A. Geertslo^ Ch. Geich-Gimbel^o, K. Gellerstcdt"6a,i46b^ Gemme^O'^, A. Gemmell^^^ M.H. Gcncst^^, 
S. Gentilei32a,i32b^ Geovge^'^, S. George^*^, P. Gorlachi^"^ Gershon^^^^ q Geweniger^^'', H. Ghazlanei^sb^ 
P. Ghez^, N. Ghodbane33, B. Giacobbei^^, S. Giagui'^2a,i32b^ y_ GiakoumopoulouS, V. Giangiobbei22a422b^ 

F. Gianotti29, B. Gibbard^^, A. Gibsoni^s, S.M. Gibsoii^s, G.F. Gieraltowski^ , L.M. Gilbcrtll^ M. Gilchriese", 
V. Gilcwsky^i, D. Gillberg^*, A.R. Gillniaiii^f, D.M. Gingrich^.'', J. Ginzburgi^a, N. Giokaris^, R. Giordanoi°2a,i02b^ 
F.AJ. Giorgi^s, P. Giovannini^^, P.F. Giraudi^e, D. Giugni^^a, R Giustii^^, B.K. Gjclstcn"^ L.K. Gladilin^^ 

C. Glasman^o, J. Glatzer"*, A. Glazov^i, K.W. Glitzai^'', G.L. Glonti«'\ J. Godfreyi'^^ J. Godlewski^^, 

M. Goebel^i, T. Gopfcrt^s, C. GocringerSi, C. G6ssling42, T. G5ttfcrt°^ S. Goldfarb^^, D. Goldin^^, T. GoUingi^^^ 
S.N. Golovnia^^s^ a. Gonicsi24a,6^ l.S. Gomez Fajardo^i, R. Goncalo^^ J. Goncalves Pinto Firmino Da Costa"*!, 
L. Gonella^o, A. Gonidec^^, S. Gonzalcz^^^ S. Gonzalez dc la Hoz^e^, M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla'*^ 
J.J. Goodson"8, L. Goossens^^, P.A. Gorbounov^^, H.A. Gordon^^, I. Gorelov^^^^ q Gorfinei^^^ ^ Gorini^^, 

E. Gorini^2a,72b^ ^ Gorisek^^^ P_ Gornicki^s, S.A. Gorokhoyi^s, V.N. Goryachevi^s, B. Gosdzik^i, M. Gosselinkio^, 
M.I. Gostkin^s, M. Gouanere'^, I. Gough Eschrichi63^ M. Gouighrii^Sa^ d Goajdami^''^''^^ M.P. Goulette''^, 

A.G. Goussioui38, C. Goy^ I. Grabowska-Boldi^s,/, V. Grabski"^ P. Grafstrom^^, C. Grali"^^ Grahn"7, 

F. Grancagnolo^^a^ g d-ancagnoloi'l V. Grassi^'^s^ y Gratclievi^i, N. Grau^'*'^, H.M. Gray^^, J.A. Gray^^^ 



O.G. Grebenyuk*2i^ ^ Greenfieldi^a, T. Greenshaw^'l Z.D. Greenwood^^ J , I.M. Greg^ 



or 
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P. Grenier"3, E. Griesmayer^e, J. Griffitlisi^s, N. Grigalashvili'^5^ A. A. Grilloi-'*^, S. Grinstein", P.L.Y. Gris'■'•^ 

Y.V. Grishkevich^^, J.-F. Grivaz"^ J. Grogmiz^^ M. Groli^^, E. Gross^^i, J. Grosse-Knetter^^, J. Groth-Jensen^^, 

M. Griiwe2», K. Grybel^i, V.J. Guarino'\ D. Giiesti7-\ C. Guiclieney'^s, A. Guida^2a,72b^ rj. Guillemin^, 

S. Guindon54, H. Guler«5'^ J. Guntheri^s, B. Guoi^s^ j. Guo^*, A. Gupta^o, Y. Giisakov65, V.N. Gushchini^s, 

A. Gutierrez93, P. Gutierrez"\ N. Guttmani^s^ Q. GutzwiUeri^^^ C. Guyoti^e^ C. Gwenlan"^^ C.B. GwiUiam^^^ 

A. Haas"3^ S. Haas^^, C. Haber", R. Hackenburg^^, H.K. Hadavand^", D.R. Hadley^^ P. Haefner^^, F. Hahn^s, 

S. Haider29, Z. Hajduk^^, H. Hakobyan^^^ J. Haller""^*, K. Haniacheri^^^ p Hanial"^^ A. Hamilton's, S. Hamiltoni^i, 

H. Han32a^ L. Han'^^b ^ Hanagaki"^ M. Hancei^o^ C. Handel^i, P. Hanke^^a^ ^ j Hanseni^e^ J.R. Hansen^s, 

J.B. Hansen3^ J.D. Hansen^^, P.H. Hansen''^ P. Hansson^'^ K. Hara^^o, G.A. Hare^^^^ T. Harenberg*'^'', 

D. Harper*^'^, R.D. Harrington^i, Q.M. Harris^^*^, K. Harrison*'^, J. Hartert''**, F. Hartjes^^^, T. Haruyama'^'^ , 

A. Harvey^s^ S. Hasegawaio\ Y. Hasegawa^o, S. Hassani^^e^ m. Hatches, D. HaufiP^, S. Haugl^ M. Hauschild^^, 

R. Hauser8^ M. Havranek^o, B.M. Hawes"^ CM. Hawkes^^ R.J. Hawkings^^, D. Hawkinsl'^^ T. Hayakawa'^'', 

D Hayden^6^ jj g_ Hayward^^ S.J. Haywoodi^s, E. Hazen^i, M. He'^^d^ g j_ Head^^ V. Hedberg^^ L. Heelan^ 

S. Heim^s, B. Heinemanni', S. Heisterkamp^s , L. Helary', M. Heldmann's, M. Heller"^ S. Hellmani'Sa.ueb^ 

C. Helsens", R.C.W. Henderson''^, M. Henke^^'', A. Henrichs^'*, A.M. Henriques Correia^^, S. Henrot-Versille"^ 

F. Hcnry-Couannier^"', C. Hensel"''', T. Henfi*^'', Y. Hernandez Jimenez"'^^^, R. Herrberg*^, A.D. Hershenhorn-*^^^, 

G. Herten's, R. Hertenberger^^ L. Hervas^^, N.P. Hessey*°^ A. Hidvegi"^^, E. Hig6n-Rodriguezi67, D. HiU^'*, 
J.C. HilP^ N. Hill^ K.H. Hiller^S S. Hillert^o, S.J. Hillieri^, I. Hinchliffe^^, E. Hines^^o^ ^ Hirosell^ F. Hirsch^^^ 
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D. Hirschbuehli^"^ j Hobbs^^s, N. Rod^'^^, M.C. Hodgkinsoni39, R Hodgson"9, A. Hoccker^^, M.R. Hoeferkampio^, 
J. Hoffman^^, D. Hoffmann^^^ M. Hohlfeld^i, M. Holder^'^S A. Holmes"^ S.O. Holmgren^^a^ r^. Hoiyi27^ 
J.L. Holzbauer^s, Y. Homma^'', L. Hooft van Huysduynenios, T. Horazdovskyi27, C. Horni^s, S. Horner4^ 
K. Hortoniis, J-Y. Hostachy^s, S. Houi^i, M.A. Houldcn^^ A. Hoummada"5a^ j. HowarthS^, D.F. HowcUHS^ 
I. Hristova J. Hrivnac"^ I. Hruska^^s, T. Hryn'ova'', P.J. Hsul^^ S.-C. Hsu", G.S. Huangi", Z. Hubacek^^^, 

F. Hubaut^s, F. Huegging^o, T.B. Huffman"^ E.W. Hughes^^, G. Hughcs^i, R.E. Hughes-Jones^^^ M. Huhtinen^^, 
P. Hursf", M. Hurwitzi4, U. Husemann^i, N. Huscynov65'', J. Huston^s, J. Huth", G. lacobucciio^a^ q lakovidis^, 
M. Ibbotson*^, I. Ibragimov^**^, R. Ichimiya^^, L. Iconomidou-Fayard^^^, J. Idarraga^^'', M. Idzik^^, P. lengo^"^'^'^"^'', 
O. Igonkina^o^, Y. Ikegami*5^, M. Ikeno^^, Y. Ilchenko^^, D. Iliadis^^^, D. Imbault^^, M. Imhaeuser^^^, M. Imorii^^ 
T. Ince^o, J. Inigo-Golfin^s, P. loannou^ M. Iodicei34a^ q jonescu^, A. Irles Quiles^^^ K. Ishii^e, A. Ishikawa^^, 

M. Ishino^'^, R. Ishmukhametov39, C. Issever"^, s. Istini^a, Y. Itoh^°^, A.V. Ivashini^s, W. Iwanski^s, H. Iwasaki^^, 

J.M. Izen^o, V. Izzo^o^a^ g Jackson^^o, J.N. Jackson^^^ P. Jackson^^^ M.R. JaekeP", V. Jain^i, K. Jakobs^^ 

S. Jakobsen^s, J. Jakubek^^^^ D.K. Jana"\ E. Jankowski^'^^, E. Jansen'^'^, A. Jantsch^^ M. Janus^", G. Jarlskog™, 

L. JeantyS^, K. Jelen^^, 1. Jen-La Plante^o, P. Jennies, A. Jeremie^, P. Jez^s, S. Jezequel"*, M.K. Jha^^*^, H. Ji^^^^ 

W. Ji^S J. Jia"^ Y. Jiang32b, M. Jimenez Bclcnguer^i, G. 3m^'^^, S. Jin^^*^, O. Jinnouchiis^, M.D. Joergensen^s, 

D. Joffe39, L.G. Johansenl^ M. Johanscn"6a,i46b^ g Johansson^^a^ p. Johanssoni^s, S. Johnert^i, K.A. Johns'^, 

K. Jon-And"'^'''"'^'', G. Jones^^ R.W.L. Jones^\ T.W. Jones'^^, T.J. Jones^^^ q_ jonsson^^, C. Joram^o, 

P.M. Jorgei24a,6^ J joseph^^, X. Ju^^^, V. Juranek^^s, p. Jussel«2, V.V. Kabachenko^^s^ g Kabana^^, M. Kaci^^\ 

A. Kaczmarska^s, P. Kadlecik^^, M. Kado"^, H. Kagan^^^ M. Kagan", S. Kaiser''^ E. Kajomovitzi''^^ 

S. Kalinin"'^, L.V. Kalinovskaya'^s, S. Kama^^, N. Kanayal^^ M. Kanedal^^ T. Kanno^^^, V.A. Kantserov^^ 
J. Kanzaki6<5, B. Kaplanl^^ A. Kapliy^°, J. Kaplon^^, D. Kar^^^ M. Karagoz"^ M. Karnevskiy^\ K. Karr^ 
V. Kartvelishvili^i, A.N. Karyukhini^s, L. Kashif"^^ A. Kasmi^s, R.D. Kassi"^ A. Kastanas^^ M. Kataoka^, 
Y. Kataoka^ss, E. Katsoufis^, J. Katzy^i, V. Kaushik^, K. Kawagoe*^^, T. Kawamotol5^ G. Kawamura*\ 
M.S. Kayll°^ V.A. Kazaninio^ M.Y. Kazarinov<5^ S.I. Kazi^e, J.R. Keates^^^ R. Keeleri^s, R. Kehoe^^, M. Keil^^, 

G. D. Kekelidze^s^ M. Kelly^^, J. Kennedy^^, C.J. Kenneyi^s, M. Kenyon^s, O. Kepka^^s, N. Kerschen^s, 

B. P. Kersevan^^, S. Kersten^^^^ ^ Kessokul5^ C. Ketterer^^, M. Khakzad^*, F. Khalil-zadai", H. Khandanyan^ss, 
A. Khanoyii^ D. Kharchenko6^ A. Khodinoyi^s, A.G. Kholodenkoi^s, A. Khomich^Sa, T.J. Khoo^^, G. Khoriauli^", 
N. Khovanskiy^s, V. Khovanskiy^'l E. Khramov^s, J. Khubua^i, G. Kilvington^^ H. Kim^ M.S. Kim^, P.C. Kim"^ 
S.H. Kimi6", N. Kimurai™, O. Kind^^, B.T. King^-\ M. King^^, R.S.B. King"^^ j. Kirk^^a, G.P. Kirsch"^^ 

L.E. Kirsch22, A.E. Kiryunin^s, D. Kisielewska''^^ T. Kittelmanni^s, A.M. Kivcri^s, H. Kiyamura^^, E. Kladiva"^^, 

J. Klaiber-Lodewigs''^, M. Klein^^^ U. Klein^^^ K. KlcinknechtSi, M. Klemetti^s, A. Klicri^i, A. Klimentov^^, 

R. Klingenberg'*2, E.B. Klinkby^s, T. Klioutchnikova^^, P.P. Klok^o^^ s. Klousi"'\ E.-E. Kluge^^a, T. Kluge^^^ 

P. Kluitios^ S. Kluth^^ E. Kneringer62, J. Knobloch^^, E.B.F.G. Knoops^^, A. Knue^'', B.R. Ko^^, T. Kobayashil5^ 

M. Kobel''^^ B. Koblitz^^, M. Kocian"'^ A. Kocnar"^, P. Kodys^^e^ K6neke2^ A.G. Konigi""^ s. Koenig^i, 

L. Kopke^i, F. Koetsveldi""^ p. Kocvesarki^", T. Koffas^^, E. Koffe^lanlo^ F. Kohn^^^ 2. Kohouti^^^ t. Kohriki^e, 

T. Koii43^ T. Kokott^", G.M. Kolacheyio^, H. Kolanoskii^, V. Kolesnikov^s, I. Koletsou»'''\ J. KoU^s, D. KoUar^s, 

M. Kollefrath''^, S.D. Kolya^^^ A.A. Komar'''', J.R. Komaragirii''^ T. Kondo*^'^', T. Kono^L'", A.I. Kononov4^ 

R. Konoplichi"^'", N. Konstantinidis^^ A. Kootzi^^^ g Kopcrny'^^ S.V. Kopikov^^s, K. Korcyps, K. Kordasi^-*^ 

V. Koreshevi28, A. Korni", A. Korolio^, I. Korolkov", E.V. Korolkovai^f, V.A. Korotkoyi^s, Q. Kortncr^^, 

S. Kortncr'^^, V.V. Kostynkhin^", M.J. Kotamaki^o, S. Kotov''^. V.M. Kotov'^^ C. Koin-koumclis«, V. Kouskourai^-*^ 

A. Koutsman"'^ R. Kowalcwski"'", H. Kowalski^i, T.Z. Kowalski-'^ W. Kozancckii'^i, A.S. Kozhin^^s, V. Kral^^^, 

V.A. Kramarenko^'', G. Krambcrgor''"', O. Krasel^^, M.W. Krasny''®, A. Krasznahorkay^°*, J. Kraus**, A. Kreisel^^^, 

F. Krcjci^^'', J. Kretzschmar N. Kricgcr'''^, P. Krieger^^®, K. Krocningcr^"', H. Kroha^^, J. KroU^^", 

J. Kroscbcrg20, J. Rrstic^^a^ u. Kruchonak^s, H. Kruger^", Z.V. Krumshteyn^s, A. Kruth^", T. Kubotai-'^'\ 

S. Kuehn^s, A. Kugel^^^ T. Kuhl"^^ p, Kuhn'^^ V. Kukhtin^^^^ Y. Kulchitsky^", S. Kuleshov^i^^ C. Kummer^s, 

M. Kuna^*, N. Kundu"^, J. Kunkki^o^ ^ Kupco^^s, H. Kurashige^^, M. Kuratai^", Y.A. Kurochkin^o, V. Kus^^s, 

W. Kuykendall^^s, M. Kuze^'", P. Kuzhir^^, O. Kvasnickai^s^ J. Kvita^^, R. Kweel^ A. La Rosa^^, 

L. La Rotonda36'^'36b^ Labarga*", J. Labbe'', S. Lablak^^''-^'^, C. Lacastai^^^ p. Lacavai32a,i32b^ jj_ Lackerl^ 

D. Lacour^s^ V.R. Lacuesta^^^ E. Ladygin^s, R. Lafaye'^, B. Laforge^^ T. Lagouriso, S. Lai^^, E. Laisne5^ 

M. Lamanna^s, C.L. Lampen^, W. Lampl^, E. Lanconi^e^ u. Landgraf'^, M.P.J. Landon'^^, H. Landsman^^^^ 

J.L. Lane*^^ C. Lange"*!, A.J. Lankfordi^s, p. Lanni^^, K. Lantzsch^s, V.V. Lapin^^s.*, S. Laplace^^ C. Lapoire^o, 

J.F. Laportei36, T. Lari^s^, A.V. Larionov A. Larner^s, C. Lasseur^^, M. Lassnig^s, W. Lau"^ P. Laurelli^^, 

A. Lavorato"^, W. Lavrijsen", P. Laycock^^ A.B. Lazarev^^, A. Lazzaro®^'''^''^, O. Le Dortz'^^ E. Le Guirriec^^, 

C. Le Mancriss, E. Le Menedeu^^e, A. Lebedev^^, C. Lcbel"^ T. LeCompte-\ F. Ledroit-GuillonS^, H. Leel°^ 
J.S.H. Leciso^ S.C. Lee^^i, L. Leel^^ M. Lefebvrei^^ M. Legendre^e, A. Leger^^, B.G. LeGeyt^^o, F. Legger^^, 
C. Leggettl^ M. Lehmacher^o, G. Lehmann Miotto^^, X. Lei^, M.A.L. Leite^^^, R. Leitner^^e, D. Lellouchi^i, 
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J. Lellouch^s^ M. Leltchouk34, V. LendermannSS'^, K.J.C. Lcncyi^sb^ t. Lenz^^^^ G. Lenzen"*, B. Lenzi^^e, 

K. Leonhardt'^3, S. Leontsinis^, C. Leroy^^, J-R. Lcssardi^s, J. Lesseri'^Sa^ q q Lester^^, A. Leung Fook Cheong^^^ 

J. Leveque^, D. Levins'^, L.J. Levinsoni'^\ M.S. Levitski^^s^ jyj Lewandowska^^ G.H. Lewis^°^, M. Leyton^^, 

B. Li83, H. Lii72^ S. Li32b^ X. Li^^ Z. Liang39, Z. LiangHS,"^ B. Libertii^Sa^ p. Lichard^^, M. Lichtnccker^s, 

K. Liel6^ W. Liebig", R. Lifshitz^sz, j.N. Lilley^^, C. Limbach^o, A. Limosani^e, M. Limper^^, S.C. Lini^i.P, 

F. Unde^°^, J.T. Linnemann®^, E. Lipeles^^o^ l Lipinsky^^s, A. Lipniacka^^, T.M. Liss^^^, D. Lissauer^^, 

A. Listeria, A.M. Litke^^^, C. Liu^*, D. Uii^^^^'', H. Liu^^ J.B. Lm^\ M. Liu^^b^ S. Liu^, Y. Uu^^"", 

M. Livan"9*'"9'', S.S.A. Liver^lore"^ A. Lleres5^ S.L. Lloyd^^ E. Lobodzinska^'i , R Loch^, W.S. Lockmani^^, 
S. Lockwitzl7^ T. Loddenkoetter^o, F.K. Loebinger^^ A. Loginovl^^ C.W. Loh^^s, T. Lohsel^ K. Lohwasser4^ 
M. Lokajiceki25, J. Loken V.P. Lombardo^S'^, R.E. Long^\ L. Lopcsi24a,fe^ d. Lopez Matcos^^''', M. Losada^^^ 
P. Loscutoff", F. Lo Sterzo"2a,i32b^ Lostyi^^'', X. Lou-^^, A. Lounis"^^ K.F. Loureiroi'52, J. Love^i, 
RA. Lovers A.J. Lowe^'^^'^, F. Lu^^^, L. Lu^^^, H.J. Lubatti^^^^ C. Luci"2a,i32b Lucotte^^^ A. Ludwig4^ 
D. Ludwig^i, L Liidwig48, J. Ludwig48, F. Luehring^i, G. Luijckxio^^ D. Lumb^s, L. Luminarii32a^ e. Lund"^, 

B. Lund-Jensen"^ B. Lundberg^^, J. Lundberg^^a.Meb^ j_ Lundquist^^, M. Lungwitz^i, A. Lupii22a,i22b^ q Lutz^^, 
D. Lynn24, J. Lys", E. Lytken^^, H. Ma^^, L.L. Mal^^ J.A. Macana Goia9^ G. Maccarrone^^ A. Macchiolo9^ 

B. Macek'^4, J. Machado Miguens^24a^ j-, Macina'^^, R. Mackeprang^^, R.J. Madaras", W.F. Mader^^^ 
R. Maenner58<=, T. Maeno^*, P. Mattig^^'', S. Mattig'^\ P.J. Magalhaes Martinsi24a,s^ l_ Magnoni^^, E. Magradze5\ 
Y. Mahalalel^s^^ K. Mahboubi^s, G. Mahout^^, C. Maianii32a,i32b^ q Maidantchik^^^, A. Maioi24a,6^ g Majewski^^, 
Y. Makida^e, N. Makovec"^, P. Mal^, Pa. Malecki^s, P. Malecki^s, V.P. Maleeyi^i, F. Malek^s, U. Mallik^s, 

D. Malon^ S. Maltczos^, V. Malyshev^o'^, S. Malyukov^^ R. Mameghani^^ , J. Mamuzic^^b^ Manabe*^^, 

L. MandellP'^, I. Mandic^^, R. Mandryschl^ J. Maneira^24a^ p g Mangeard*^ LD. Manjavidze^^, A. Mann^"*, 
P.M. Manningi-"^^, A. Manousakis-Katsikakis^, B. Mansoulie"^, A. Manz^^, A. Mapelli^^, L. Mapelli^^, L. March 
J.F. Marchand^s, F. Marchese^^aaasab^ q_ Marchiori'^8, M. Marcisovskyi^s, A. Marin^^'*, CP. Marino6\ 

F. Marroquim23a, R. Marshall^^^ Z. Marshall3*•^ F.K. Martensl5^ S. Marti-Garcia^^^, A.J. Martin^^s^ B. Martinis, 
B. Martin^^, F.F. Martini^o, J.p. Martin^^^ Martinis, T.A. Martin^'^, B. Martin dit Latour'"^, M. Martinez", 
V. Martinez Outschoorn^^, A.C. Martyniuk^^^ Marx^^^ p. Marzano^^^'", A. Marzin"\ L. Masetti^\ 

T. Mashimoi55, R. Mashinistov^^ , J. Masik82, A.L. Maslennikoyio^ M. MaiJ'*^^ I. Massa^^^'^^b^ q Massarol°^ 
N. Massol^, A. Mastrobcrardino^Sa-^eb^ rj. Masubuchi^^^, M. Mathes^o, P. Matricon"'^ H. Matsumotoi^^, 
H. Matsunagal5^ T. Matsushita^^ C. Mattravers"^'", J.M. Maugain^^, S.J. Maxfield^^ D.A. Maximoyio^ 

E. N. MayS, A. Mayne^^s, R. Mazinii^i, M. Mazur^o, M. Mazzanti^^*^, E. Mazzonii22a,i22b^ g p^ Kee^^, 

A. McCarnies^ R.L. McCarthy^^s, T.G. McCarthy^^ N.A. A/[cCubbini29^ K.W. McFarlanc^e, J.A. Mcfaydcn"9, 
H. McGlone-", G. Mchedlidze^\ R.A. McLarcn^^, T. Mclaughlani^, S.J. McMahoni^s, R.A. McPliersoni^S'*, 

A. Mcadc^'', J. Mcchnichios^ M. Mechtel"^, M. Medinnis4\ R. Meera-Lebbai"\ T. Meguro"^ R. Mehdiyev^^^ 
S. Mchlhasc■'^^ A. Mchta^3^ K. Mcicr^*^^, J. Mcinhardt^^, B. Meirose^^, C. Melachrinos^o , B.R. McUado Garcia^^^ 
L. Mcndoza Navas"'^ Z. Mcngi'^i''?, A. McngarcUii^'^'i^'^, S. Menke9^ C. Menot^^, E. Meoni", K.M. Mercurio^^, 
P. Mcrmod"«, L. Mcrolai"2a,i02b^ Mcroni^f^, F.S. Mcrritt^o, A. Messina^^, J. Mctcalfci"-\ A.S. Mete*^*, 

S. Mcuscr^", C. Mcycr^\ J-P. Mcycri'''^ J. Mcycri^'\ J. Mcycr-"^'', T.C. Mcycr^^, W.T. Mcycr'^'', J. Miao^^d, 

S. Michal29, L. Micu^sa, R.p. Middlctoni^s, p. Miclc^^ S. Migas^^ L. Mijovic^S G. Mikcnbcrgi^i, 

M. Mikestikovai25^ B. Mikulec''^ M. Mikuz^"^ jy y^ Millcr"^^ R.J. Millor«^ W.J. Millsl*^'^ C. Mills'", A. Milovi^\ 

D.A. Milstcad"^^'"^i\ D. Milstcini^i, A.A. Minacnkoi^s, M. Miiianoi", LA. Minaslivili*^'^ A.I. Minceri°s, 

B. Mindur'^^ M. Minccv^'^ Y. Ming^'''", L.M. Mir", G. MirabcUii'^^a^ Mirallcs Verge", A. Misicjuk^^^ 
J. Mitrevski"7^ Q.Y. Mitrofanoyi^s^ y.A. Mitsoui*^'^ S. Mitsui^^ P.S. Miyagawa^^ K. Miyazaki^^, 

J.U. Mjornmark^s, T. Moai^^^^'i^sb^ p Mocketti^s, S. Moed", V. Moeller^^, K. Monig^S N. M5ser20, 

S. Mohapatra"^ B. Mohn", W. Molir^s, S. Mohrdieck-Mock^s, A.M. Moisseev^^s,*^ ^ Moles- Valls^'^^ 

J. Molina-Perez29, L. Moneta*^, J. Monk^^ E. Monnier«-\ S. Montesano^s^^^gb^ p Monticelli^°, S. Monzanii^'^'is'', 

R.W. Moored G.F. Moorhead^^^ C. Mora Hcrrera''^ A. Moracs^^^ A. Moraisi^*^,^^ n. Morange^^e^ 

G. Morello-'f'''' -'f''^ D. Moreno*^!, M. Moreno Llacer^^^, P. Morettini^o^, M. Morii", J. Morin^^ Y. Morita^^ 
A.K. Morley29, G. Mornacelii^s , M-C. Morone^^, S.V. Morozov''^ J.D. Morris'^^^ H.G. Moser^^ M. Mosidze-'^i, 
J. Mossi°9, R. Mount"3^ e. Mountricha^, S.V. Mouraviev^"^, E.J.W. Moyse^"^, M. Mudrinic^^b, p. Mueller^^^, 
J. Muelleri23, K. Mueller^", T.A. Miiller^^, D. Muenstermann^^, A. Muijsi°5, A. Muir^ss, Y. Munwes^^a^ 

K. Murakami^e, W.J. Murrayi^^, L Musschei"^^ E. Mustoi"2a,i02b^ ^ q Myagkov^^s, M. Myska^^s, J. Nadal", 
K. Nagaii'^o, K. Nagano^^^ Y. Nagasaka^o, A.M. Nairz^^, Y. Nakahama"^ K. Nakamural5^ L Nakano"o, 

G. Nanava^o, A. Napieri6\ M. Nash''^'^ N.R. National, T. Nattermann^o, T. Naumann^\ G. Navarro^'^^^ 

H. A. Neal^^ E. Nebot^o, P.Yu. Nechaeva^-*, A. Negri"'^^'"'^'^, G. Negri^^, S. Nektarijevic''^, A. Nelson^", 

S. Nelson"3^ T.K. Nelson"^ S. Nemecek^^s^ p Nemetllylo^ A.A. Nepomuceno^sa, M. Nessi^^'*, S.Y. Nesterov^^i^ 
M.S. Neubauer^es, A. Neusiedl^S R.M. Nevesl°^ P. Nevski^*, RR. Newman^^, R.B. Nickerson"^ R. Nicolaidoul3^ 
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L. Nicolas^^^, B. Nicqucvcrt^^, F. Niedercorn"^, J. Nielsen^^'^, T. Niinikoski^^ , A. Nikiforov^'^ V. Nikolaenko^^®, 
K. Nikolaev^s, 1. Nikolic-Audit^^ K. Nikolopoulos^-*, H. Nilsen'*^ P. Nilsson^, Y. Ninomiya A. Nisati^^^a^ 
T. Nishiyama^'^, R. Nisius^^, L. Nodulman^, M. Nomachi^^^, I. Nomidis^^*, H. Nomoto^^^, M. Nordberg^^, 

B. Nordkvist 146a, 146b ^ p Norton^^o, J. Novakovai^e^ M. Nozaki^e, M. Nozicka^'i, L. Nozka"^ I.M. Nugenti^^'*, 
A.-E. Nuncio-Quiroz^o, G. Nunes Hanninger^o, T. Nunnemann"^ , E. Nurse^'^, T. Nyman^^, B.J. O'Brien''^, 

S.W. O'Ncalci^'*, D.C. O'Neil"^, V. 0'Shea^^ F.G. Oakham^S''', H. Oberlack^^, J. Ocariz^^ A. Ochi^^, S. Oda^^^^ 

S. Odaka^e, J. Odicr*^^ H. Ogrcn^i, A. Oh^^, S.H. Oh^^, C.C. Ohmi^Sa.web^ rp Qhshimaioi, H. Ohshita^^o, 

T.K. OhskaS^ T. Ohsugi•^^ S. Okada^^^ H. Okawa^sa^ y. Okumurai^i, T. Okuyamal^^ M. Olccse^O'^, 

A.G. Olchevski^s, M. Oliveirai^^a.s^ d. Oliveira Damazio^^, E. Oliver Garcia^''^, D. Olivitoi^o^ A. Olszewski's, 

J. Olszowska'^ C. Omachi^^, A. Onofrei24a,"^ p.u.E. Onyisi'o, C.J. Orami^^a^ Qreglia^o, F. Orellana^^, 

Y. Oreni53, D. Orestanoi34a,i34b^ j Qrloyio^, C. Oropeza Barrera^'^ R.S. Orr^^s, E.O. Ortega^'o, B. Osculati^o^'^^^, 

R. Ospanov^^o, C. Osuna", G. Otero y Garzon^e, J.P Ottersbach^os, M. Ouchrifi'sd^ p. Ould-Saada"^, 

A. Ouraoui36^ Q. Ouyang32a, Owen^"^, S. Oweni^a, O.K. Oye^', V.E. Ozcani^a^ N. Ozturk^, A. Pacheco Pages", 

C. Padilla Aranda", E. Paganisi's^ F. Paige^*, K. Pajchel"^, S. Palestini^s , D. Pallin'^, A. Palmai24a,6^ 
J.D. Palmer", Y.B. Pan"^^ Panagiotopoulou^ B. Panes'^'', N. Panikashvili^'^, S. Panitkin^^, D. Pantea^^^, 
M. Panuskova^^^, V. Paolone^^-'^, A. Paoloni^'^'^'i'''', A. Papadelis^'^'''', Th.D. Papadopoulou^, A. Paramonov^, 
W. Park24.'', M.A. Parkcr^^, F. Parodi^o^'^'"', J. A. Parsons'^, U. Parzcfall^^, E. Pasqualuccii32a^ a_ Passerii34a^ 
F. Pastorei34a,i34b^ p^. Pagtore^^, G. Pasztor ^s."', S. Pataraia"^^ N. Patcli^o, J.R. Pater^^^ S. Patricellii°2a,i02b^ 
T. Pauly29, M. Pccsyi44a^ M.l. Pedraza Morales^^^ S.V. Peleganchukio^ H. Pcng^^^ R. Pengo^^, A. Penson'^, 
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